Breast cancer · Surgery · Drain · Wound · Seroma · Sentinel · Breast conserving Summary Background: The current surgical debate has led to a reduction in the extent of surgery performed and thereby to a reduced occurrence of surgical trauma and, over the recent years, reduced seroma formation. This reduction in surgical procedures calls the need for a drain into question. Method: Using Google Scholar and the National Library of Medicine (PubMed), a literature review was performed on systematic reviews and meta-analyses regarding breast cancer surgery ± axillary dissection. Additionally, randomized trials for the time period after the last systematic review were included and evaluated according to the Jadad score. Results: The search returned 5 systematic reviews, in which a total of 1,075 patients were included (537 cases and 538 controls). Since the last review, no prospective randomized trial meeting the inclusion criteria has been published. The current reviews conclude that insertion of a drain is associated with a longer hospital stay and reduced seroma formation. The data regarding wound infection and drain insertion is inconclusive. The omission of a drain is associated with early discharge, reduced postsurgical pain, and early mobilization, but also with an increase in outpatient seroma aspirations. Conclusion: The omission of a drain is possible in early breast cancer surgery (wide local excision and sentinel node biopsy) with adequate surgical techniques and instruments.
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Introduction
Breast cancer surgery (BCS) is one of the main treatment forms for early breast cancer. It combines the removal of the tumor (mastectomy, breast-conserving surgery, or wide local excision (WLE)) with axillary lymphnodectomy (ALNE) or sentinel node biopsy (SNB). Due to the increased knowledge of tumor genesis, earlier diagnosis, and improved systemic treatments, the extent of the surgical procedure has been reduced. Recently, WLE with SNB has been accepted as appropriate treatment for the majority of patients. Current guidelines [1] recommend resection of the tumor with a minimum of 1 mm tumor-free margin to be classified as R0. The surgical trauma is thereby reduced. Despite this reduction, surgeons still routinely place drains in the breast and axilla wounds. Common reasons for the insertion of a drain in early BCS are: (1) controlling a possible postsurgical hematoma, (2) drainage of the wound seroma, or (3) prevention of surgical-site infections (SSIs).
With the insertion of a drain these side effects should be positively influenced. Studies have shown that the omission of a drain is associated with a shorter hospital stay and less postsurgical pain, but also with an increase in seroma aspirations [2] [3] [4] [5] [6] . In the past, various risk factors like breast size, age, blood pressure, and number of tumor-infiltrated lymph nodes have been evaluated [2, 3] . Despite this, the medical benefit of a drain after BCS has not been established. In light of the American College of Surgeons Oncology Group Z0011 [7] study, which questions the need for ALNE, we ask if there is still a need for a wound drain in early BCS. Several reports [5, 6, 8] show that the omission of a drain is possible, and in some studies an influence on the number of wound infections [3, [9] [10] [11] , increased pain [12, 13] , and prolonged hospital stays [2, [13] [14] [15] are discussed as a result of drains after breast surgery. We looked for reviews regarding early BCS with and without drain, to identify evidence-based information on the omission of a wound drain. BCS includes mastectomy, breast-conserving surgery, biopsy (WLE), ALNE, and SNB dissection.
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Are Breast Drains Necessary? 117 [19, 20] . The impact of physiotherapy or diet was researched, but again the intrasurgical drains were not considered [21] [22] [23] [24] . This left 5 systematic reviews relevant to the question, in which a total of 1,075 patients were included (537 cases and 538 controls). The same systematic approach was used for the time period after January 2012, looking for randomized controlled trails ( fig. 1 ). Articles investigating different instruments/surgical techniques [25] [26] [27] , postsurgical physiotherapy [28] , or breast infections without relation to the insertion of drains [29, 30] were excluded. This left the 3 articles from Taylor et al. [5] , Andeweg et al. [31] , and Garbay et al. [32] . Taylor et al. [5] and Andeweg et al. [31] conducted retrospective studies and these articles were therefore also excluded. Garbay et al. [32] compared subgroups of 2 different independent prospective studies. This resulted in a low Jadad score and the article was therefore also excluded. Details regarding the included reviews are given in table 1.
Hematoma
Xue et al. [9] report on hematomas as a risk factor for SSIs. The original study investigated risk factors for SSI and did not have a no-drain control group [33] . Our search did not return any further articles comparing drain/no drain and looking at postsurgical hematoma. [11] , and Van Bemmel et al. [34] , the insertion of a drain reduces the amount of seroma produced. 2 reviews [2, 4] each included 6 studies [10, 12, 13, 15, [35] [36] [37] [38] [39] , with 3 studies reviewed in both reviews [12, 13, 36] . He et al.
Seroma
[4] also reported the number of seroma aspirations. The 3 studies reviewed [13, 15, 36] found a highly significant difference. For axillary dissection, Kuroi et al. [11] report on a correlation of seroma production with the use of electrocautery and ultrasonic scissors, but not with other 'modern' instruments (laser scalpels, argon diathermy, and ultrasonic scalpels). Van Bemmel et al. [34] and the small study by Manouras et al. [40] showing no seroma production when using an electrothermal bipolar vessel sealing system report similar findings. Van Bemmel et al. [34] recommend removal of the drain after 48 h. Kuroi et al. [11] report inconclusive data for drain removal on day 5 or with minimum volume. Xue et al. [9] report a significantly increased risk of SSI correlating with the drainage time in 3 studies, but none of the studies was matched against a nodrain control group.
Infection
Xue et al. [9] demonstrate a significant association between drains, the number of drains, the time of removal, and wound healing complications, using the Center of Disease Control (CDC) selection criteria. They review 2 case control studies [41, 42] 
including various types of breast biopsies (including benign diseases). The results of 2 other reviews [2, 4] are

Materials and Methods
The literature in the National Library of Medicine (PubMed) and Google Scholar was searched for systematic reviews and meta-analyses regarding BCS ± axillary dissection and wound drainage. The search terms used were (Breast OR Mammary) AND (Cancer OR Carcinoma) AND (Drainage) AND (Surgery) AND English[lang] AND (MetaAnalysis[ptyp] OR systematic [sb] ). The results were checked for relevance by title and summary ( fig. 1 ). 5 publications were considered to be relevant to this topic by several of the authors (N.d.G., F.E., A.W.). Additionally, randomized trials from the time period after the last systematic review were included and evaluated according to a point system (Jadad score) by 2 of the authors (F.E., A.W.). The Jadad score reflects the quality of a study by adding points given for the randomization, dropout/withdrawal, and allocation concealment, as described in He et al. [4] .
Results
From the analysis, 9 articles were excluded for not answering the primary question. 3 articles investigated the impact of different instruments/fibrin glue on seroma production [16] [17] [18] . Other authors published on primary breast infections occurring without breast surgery or on breast wound dressing [4] take a more conservative view. They find no significant difference in seroma production for breast-conserving surgery and mastectomy and note a significant heterogeneity between the individual trials. This is given as an explanation for the discrepancy. Several risk factors were identified but not adequately addressed in the reviews (i.e., body mass index (BMI), surgical instruments, delayed shoulder movement, etc.).
Van Bemmel et al. [34] analyze the known surgical risk factors and conclude that further studies combining the known factors are needed. 1 factor the authors agree on is the extent of the surgery and its influence on seroma formation. This is also shown in other studies [4, 11] comparing radical mastectomy with mastectomy, breast-conserving surgery, and WLE. The same principle applies to SNB and ALNE. A randomized controlled trial [54] showed seroma reduction on secondary ALNE. The reason behind this could be a decrease in surgical trauma and therefore a reduced disturbance in the lymphatic drainage, resulting in less seroma formation. The impact of the surgical technique and the possible adverse impact of a drain are demonstrated in the study by Garbay et al. [32] . Here, the drain placed with the surgical axillary padding technique increased the seroma formation. This may indicate that the role of the surgical technique is underestimated.
In general, the literature supports the use of ultrasonic scissors for axillary dissection. Surgeons should reduce the use of electrocautery in order to reduce seroma formation [3] . New surgical devices, like the electrothermal bipolar vessel sealing system, show promising results but need to be evaluated with a 'no-drain' control group [40, 55, 56] .
Early (< 48 h) removal of the drain is supported in the review of Srivastava et al. [3] . From the authors' point of view, there is sufficient data showing that optimal surgery results in less seroma formation [3, 14] .
inconclusive. Droeser et al. [2] do not provide a definition of infection and review 6 articles [10, 12, 13, 35, 36, 39] . 3 studies did compare short-term versus volume-controlled removal of the drain [10, 37, 39] . He et al.
[4] report on 5 trials [12, 13, 15, 37, 38] , with 3 of them using a definition of infection. Both reviews report no correlation for the infection rate. In all 3 reviews, the heterogeneity was not significant. The studies from Jain et al. [13] and Zavotsky et al. [12] are used in both reviews [2, 4]. [13, 15, 36] while Droeser et al.
Hospital Stay
[2] examined 5 studies [10, 13, 35, 36, 39] . Testing for heterogeneity, both reviews were highly significant. It needs to be mentioned that the studies of Jain et al. [13] and Cameron et al. [36] were considered in both reviews.
The other reviews do not provide data on hospital stay.
Pain
Droeser et al.
[2] point out that 2 studies [12, 13] report significantly lower postsurgical pain in the omission group. He et al.
[4] include another study [14] with details regarding postsurgical pain. The authors do not report any difference between the study groups. The heterogeneity is not reported. The other reviews do not provide data on postsurgical pain.
Type of Surgery
In table 1, the type of surgery in the study groups is listed. All except 1 trial [9] gave information on axillary surgery, with only 1 trial [11] including data on SNB. 1 trial looked only at BCS with ALNE [34] . This combination was also the standard procedure. Data regarding oncoplastic surgery was not found with our search terms.
Discussion
Drains have been inserted after breast surgery for a long time [43] . As the extent of the surgical procedure decreases due to neoadjuvant chemotherapy or as a consequence of studies questioning the current standard [7, 44] , surgical procedures also need to be adapted. Our study provides an overview of systematic reviews with various aspects of drains and their benefits. The studies reviewed looked into infection, seroma formation, pain, and hospital stay, providing broad insights into the current state of BCS and drains.
Hematoma
For a surgeon, it is reassuring to have a drain in situ in order to control the postsurgical blood loss. Only 1 review provided data on hematomas [9] . Alternative options to monitor the postsurgical bleeding are a clinical examination or a Ebner/deGregorio/Vorwerk/ Janni/Wöckel/Varga Infection The case-control studies reviewed by Xue et al. [9] have a lower level of evidence (LoE) than the prospective trials reviewed by Droeser et al. [2] and He et al. [4] . The studies also use different definitions for infection. Therefore, we conclude that the data on BCS including ALNE shows no clear benefit for the omission/insertion of a drain. The prevention of an SSI is a multilevel task. Current data indicates that other factors might be more influential than the insertion/omission of a drain. [13, 15, 36] , but even after excluding the low-quality study of Cameron et al. [36] the heterogeneity is still significant. With significant heterogeneity, these results are more likely to be biased. Other trials showed that discharge with or without a drain in situ is possible [10, 14, 35, 57] . From the authors' point of view, an inserted drain does not prolong the hospital stay.
Hospital Stay
Pain
The use of a visual analog scale (VAS) to analyze pain is a well-accepted method. The significant benefit in 2 [12, 13] out of 3 studies [12, 13, 15] seems plausible, as the drain can hinder the movement of the arm. On the other hand, large seroma formation within the first postsurgical days can also cause discomfort and is a risk factor for SSI. Postsurgical pain can be managed by sufficient pain medication.
Types of Surgery
Breast-conserving surgery with ALNE was the standard procedure in the reviews. Nowadays, the standard is WLE with SNB. The WLE-and-SNB group is a subgroup of 1 review [11] . Other authors compared the surgical sites of breast surgery (mastectomy vs. modified radical mastectomy [3, 11, 34] or modified radical mastectomy vs. WLE [3, 34] ). Most studies used a combination of breast-conserving surgery and axillary surgery. Data on oncoplastic surgery was not included. Recent publications indicate that drains can be omitted in breast-conserving surgery [5, 6, 8, 48, [51] [52] [53] .
The following limitations need to be considered. Even though we used a wide range of search terms, it cannot be excluded that a review or a current prospective trial is still in press or was not found. The reviews found had a large overlap in their primary literature and showed partial significance with regard to heterogeneity. The quality of the primary studies displayed a wide range. The recommendations varied depending on the inclusion criteria of the reviews. The numbers of patients included in the studies were generally low. No study included patients with neoadjuvant treatment. Neoadjuvant chemotherapy (NAC) plays an increasing role in modern treatment [58] . With one benefit of NAC being a reduction in the surgical field, 1 author found increased seroma production for 6 NAC patients [59] . Further trials with sufficient patient numbers need to investigate this.
The genetic background of the patients has only been taken into consideration in 1 of the reviews [9] , and the intrinsic subtypes of the carcinomas and lymphangiosis have not been mentioned in any of the studies. As the pathophysiology of seroma formation is not yet understood, this is an area that has not been adequately researched. Breast-conserving surgery plus ALNE was the most common procedure. With ALNE being a risk factor for more seroma formation compared to SNB, the results could overestimate the benefit of a drain [60] . With the Z0011 study [7] questioning the need for axillary dissection, a prospective multicenter trial is needed with WLE plus SNB as study group. This would help to identify the patients at risk of seroma or to find the best combination of surgical techniques, instruments, and postoperative care.
Conclusions
Seroma formation is reduced by smaller surgical sites (i.e. WLE and SNB). With the use of modern surgical instruments (i.e. ultrasonic scissors or the electrothermal bipolar vessel sealing system), seroma production seems to be further reduced. This enables the omission of a drain in early BCS. If drains are placed, early removal is encouraged by the current literature, but randomized prospective multicenter trials are needed to find the optimal time. Also, in further studies, the role of drains in oncoplastic surgery needs to be evaluated.
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